Abstract Restoration of mammal communities was studied between 1975-1984 and 2001-2009 (over ca. 30 years) in two suburban forests in central Poland: one protected as a natural reserve and one not protected. The mammal community in the legally protected forest showed more extensive changes than in the case of the nonprotected forest. In the natural reserve, the numbers of Microtus subterraneus, Apodemus agrarius, Rattus norvegicus and Mus musculus decreased while insectivores (mostly Sorex araneus), bats and Apodemus flavicollis increased in numbers. The community of small mammals in the reserve became more similar to the community from the relatively natural area -Białowieża Primeval Forest (eastern Poland). A protection supported restoration processes of tree stands and consequently started to increase the numbers of mammalian species typical of more natural habitats, as well as to reduce the numbers of synanthropic species and those connected to open areas. In the nonprotected forest, fewer species changed their abundance (M. subterraneus decreased, insectivores, bats and A. flavicollis increased). However, an increase in the percentage of bats and a decrease of M. subterraneus in mammal communities of both forests could reflect general trends in their populations noted in recent decades. The population decline of Warsaw's urban species -A. agrarius perhaps is the best indicator of the restoration of suburban forests.
Introduction
Nature conservation efforts face major problems in areas under intensive human activity, especially in cities. Protection-worthy ecosystems usually occur in relatively small patches and are strongly influenced by the surrounding urban habitats. Natural reserves established in the vicinity of cities cannot guarrantee full protection and, if needed, restoration of natural resources. The conservation of animal communities in suburban forests needs to be based on information about the tolerance of various groups to a high level of human activity. For some animals it is also necessary to maintain connections between isolated populations. Many species of small mammals need corridors as they function in metapopulations (Verboom and van Apeldoorn 1990; Kozakiewicz et al. 1993 Kozakiewicz et al. , 1999 .
In forests that are connected to urban habitats, restoration processes have rarely been studied, the studies usually focusing on changes in vegetation (Vidra and Shear 2008) . Forest floor mammals are strongly dependent on the structure of the plant community. Understory vegetation -herbs and shrubs, as well as woody debris can significantly influence their abundance (Carey and Johnson 1995) . Habitat restoration impacts on small mammals have been analysed in a few habitat types (Moro and Gadal 2007; Stone 2007) . Some information about changes in mammal communities is given in papers comparing forest habitats exhibiting different patterns of transformation in response to human activity (Sullivan et al. 2000; Fischer and Wilkinson 2005; Yamasaki 2005; Converse et al. 2006; Raoul et al. 2008) or different patterns of fragmentation (Benett 1990; Nupp and Swihart 2000; Schmid-Holmes and Drickamer 2001; Šinkūnas and Balčiauskas 2006) .
The aim of this study was to determine the effectiveness of reserve protection using as an example small mammals living in suburban forests. We intended to describe changes taking place over ca. 30 years in two communities of small mammals: one in a protected area and one in an area not subject to nature protection. The expectation was that limiting human penetration and use of some parts of the area due to restrictions resulting from the status of the reserve, together with natural plant succession, could support restoration processes and consequently increase the numbers of species typical of more natural habitats, as well as reduce the numbers of synanthropic species connected to human settlements.
Material and methods
The study was conducted in suburban forests situated within the administrative borders of the Polish capital city of Warsaw (population ca. 2 million people). Two areas were selected: the Bielany Forest and the Młociny Forest (located 1 km apart), both bordering on the Vistula river valley. The Bielany Forest is a remnant of a primeval Mazovian forest which covered most of the area of central Poland in early medieval times. Since 17th century the Bielany Forest has been used as a traditional place of entertainment and, especially in the second half of the 19th century and at the beginning of the 20th century, it was used as a picnic area with a summer cinema and theatre, dancing hall and carousel. Due to intensive human penetration, ground flora and young trees were destroyed, the Bielany Forest became more of a park. In order to prevent further destruction of the forest, 130.35 ha of its area (out of the total of 152 ha) was placed under legal protection as a nature reserve in 1973 (Rąkowski et al. 2006 ). In the wake of this decision, all entertainment facilities were removed, the remaining open areas were afforested, alien species of trees: black locust Robinia pseudoaccacia and red oak Quercus rubra started to be removed, and tourist activities were restricted to marked paths, mostly with wooden fences. As a result this area has regained its previous forest character. Stands, growing on a fertile soil, consist mainly of oaks Quercus spp. (56%), black alder Alnus glutinosa (17%) and hornbeam Carpinus betulus (12%). Currently stands more than 100 years old predominate in the area, with stands that are 300 years old or more accounting for almost 30% and some English oaks Quercus robur being more than 400 years old (Zielony 2003; Luniak 2005) . The Młociny Forest covers an area of 102.23 ha. Its stands are younger than in the Bielany Forest (mostly below 100 years old) and the dominating species are Scotch pine Pinus silvestris and oaks. It has never been protected as a natural reserve but also has never been subject to intense human pressure. Therefore, it has maintained its typical forest character.
Small mammal communities were analysed in two periods : 1975-1984 and 2001-2009 . The occurrence and relative abundance of species were determined using of tawny owl's Strix aluco pellets. This is a strictly sedentary owl, an opportunistic predator, which takes each species belonging to its prey in proportion related to their frequencies in a vertebrate community (Goszczyński 1981; Petty 1999) . Home ranges of single pairs may usually reach several tens of hectares (Redpath 1995; Sunde and Bølstad 2004) . The population of tawny owls in Warsaw has not changed significantly over the study period (Jabłoński 1991; Gryz 2009 ).
We used published data from the years 1976-1984, which contained 686 vertebrate prey items, including 423 mammals (Goszczyński et al. 1993) , as well as original data supplemented by data from diploma theses (Jasińska 2006; Miłoszewska 2008 ) from years 2005-2009: 616 vertebrate prey items, including 460 mammals. The results of rodent trapping in standard live-traps were also included into the analysis. We compared the results of a study by Andrzejewski et al. (1978 Andrzejewski et al. ( ) conducted between 1975 Andrzejewski et al. ( -1976 and one conducted by Cichocka (2003 Cichocka ( ) between 2001 Cichocka ( -2002 . As the percentage of birds in the diet of the tawny owl is a good indicator of anthropogenic changes in owls' habitats (Goszczyński et al. 1993; Lesiński et al. 2009 ), it was additionally calculated and compared between the two study periods.
The determination of species and number of individuals of each prey of tawny owls was based on standard analysis of bone remains, mainly skulls, rarely other bones (eg. the humerus in Talpa europaea). The keys of Pucek (1981) and März (1987) were used. For comparisons of proportions we used the χ 2 test in a 2×2 table, with Yates correction if at least one number was below 10. In order to evaluate differences between two mammal communities we calculated the sum of differences between the percentages of each species.
Results
Eighteen species of small mammals (bats were represented by five species: Eptesicus serotinus, Nyctalus noctula, N. leisleri, Pipistrellus nathusii, Plecotus auritus) were captured by tawny owls in the forests under study (Table 1) . In both areas A. agrarius was the most abundant species in the diet between 1976-1984, while A. flavicollis was dominant between 2005-2009. M. glareolus was relatively abundant (from 14.2 to 21.9%) in both communities under study, M. subterraneus was relatively abundant in the first study period. S. minutus and N. fodiens were recorded only in the Młociny Forest. Bats Chiroptera occurred exclusively in the samples collected in the latter period.
There were statistically significant differences in the abundance of some species of mammals in the diet of tawny owls ( Table 2 ). The numbers of M. subterraneus decreased while insectivores (mostly S. araneus), bats and A. flavicollis increased in numbers in both forests. But it should be mentioned that an increasing rate for strictly forest species (A. flavicollis) were more pronounced in protected area: from 13.2% to 49.2% vs. 21.0% and 41.3% in nonprotected forest (Table 1) Similar differences calculated for a single area between the two study periods were higher in the Bielany Forest (101.3%) as compared to the Młociny Forest (73.9%).
The percentage of A. agrarius in the mammal communities in the forests decreased also in the trapping data. A comparison of the proportion of the number of A. agrarius to the number of other rodents revealed statistically important differences. In the Bielany Forest: 488:252 in 1975-1976 
Discussion
Our study proved changes in the structure of small mammal communities in two suburban forests over 30 years. When comparing two study periods more expressed differences were obtained for protected area. They mostly concerned the reduction of numbers of a species typical for open habitats (A. agrarius) and synanthropic species (R. norvegicus and M. musculus). Some mammals showed similar changes in both forests under study: M. subterraneus (decreasing) while Soricidae, Chiroptera and A. flavicollis (increasing). Tawny owls living in a national park established in Białowieża Primeval Forest (eastern Poland), the most natural lowland forest in central Europe, took their main mammalian prey in different proportions (Jędrzejewski et al. 1994) than their counterparts in the suburban forests under study (Table 3 ). The three most abundant species or groups of species in Białowieża Forest were: M. glareolus, A. flavicollis and Soricidae. A. agrarius was not listed as a food item. If present, it was probably included in the group of "other rodents", but their contribution to mammalian prey was low (2.6%). The absence of A. agrarius in the Białowieża National Park was confirmed by trapping (Aulak 1970) . Decreasing numbers of this field mouse as well as strictly synanthropic species (M. musculus, R. norvegicus) along with increasing numbers of the typically forest-dwelling A. flavicollis Table 2 Comparison of the proportion of selected species or groups of species to remaining mammalian prey of the tawny owl in the area protected by natural reserve (Bielany Forest) and without protection (Młociny Forest) 1976-1984 2005-2009 1976-1984 2007-2009 and insectivores in the Bielany Forest over 30 years of protection seem to indicate the beggining of restorative processes in the community of small mammals. In Warsaw, A. agrarius has a tendency to colonize parks in different zones of the city and it forms abundant urban populations. This phenomenon was first described ca. 30 years ago (Andrzejewski et al. 1978) . At present the species still occurs in large numbers in the central parks and is the dominant species in rodent communities, accounting for nearly 60% of individuals (data from the pellet composition analysis - Gryz et al. 2008 ). In the Bielany Forest it has shown just a local decline during the last few decades, which could support the hypothesis that restoration processes are taking place in this area.
However, the similar changes observed in some species in both forests under study seem to reflect general tendencies, not connected with a protection status. The numbers of M. subterraneus fell, and this phenomenon could be typical for peripheral Warsaw as did not observe significant changes in central districts of the city. Moreover, the increasing of A. flavicollis should not be interpreted as strongly dependent on the potection but it should be mentioned that changes observed in a protected area were more pronounced.
The percentage of bats in owls' diet showed important changes within the study period, remarkable findings including their total absence in the years 1976-1984 and the presence of a few individuals in years [2005] [2006] [2007] [2008] [2009] (Table 1 ). This figure should not be interpreted as a corollary of forest restoration. Bats appeared to be very sensitive to the mass use of toxic pesticides that took place in Poland from the 1960s. The lowest abundance of bat assemblages was noted from the early 1980s with a slowly increasing tendency in the last few decades (Węgiel et al. 2001; Lesiński et al. 2005 Lesiński et al. , 2008 .
A similar study of restoration processes focusing on birds in the Bielany Forest between 1988-2000 (Mazgajski et al. 2001 ) showed slight differences, mostly with regard to species associated with the layer of small trees and shrubs (increasing tendency) and hole nesters (decreasing tendency). At the end of the study period the avian community was found to be at a stage between urban parks and natural deciduous forests. The mammalian community in the present study was followed up over a longer period and therefore the differences were much higher.
The results of our study showed that within just three decades changes in the small mammal community following the acquisition of the legally protected status could be observed and could reflect the restoration of forest biocenoses. The hypothesis of a population decline in species associated with habitats transformed by human activity was supported. Table 3 Percentages in which selected species or groups of species were captured by tawny owls in Bielany Forest (before and after protection) and in Białowieża Primeval Forest, N=2447 mammalian prey items (Jędrzejewski et al. 1994 
